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PREVIEW 


‘HE two outstanding lines of present day human 
endeavor are discussed in this issue by Edwin R. A. 
Seligman, internationally known and respected author 
and economist. For many years professor of Political 
Economy at Columbia University, he is more than well 
able to discuss the interrelations of engineering and eco- 
nomics. ‘The engineer of today should be well acquainted 
with the fundamental concepts of our economical sys- 
tem, for, if he is ever to rise above the slide rule engi- 
neer, he must be able to appraise and evaluate the 
economics of any and every engineering project that he 
undertakes, since it will be a success only when it is 
profitable. The few concise illustrations brought out 
by the author should bear the careful consideration of 
everyone in any way connected with engineering. Pro- 
fessor Seligman states why economical concepts are the 
ever-increasing problems of the engineer, and why his 
success or failure in the industrial and financial world of 
today is determined by his ability to master them. 


OW can engineering education be made more real 

and attractive? Answers to two different sides of 
this question are given by Professor Bowles and Pro- 
fessor Bennett, both of the Electrical Engineering 
Department. Edward L. Bowles describes with examples 
the effect of bringing into the ordinarily dry classroom 
lectures the human side of the problem at hand, showing 
methods of arousing the interest of self-motivation of 
the student by the careful interspersion of colorful 
descriptions of the history, commercial applications of 
patent litigations of the material under discussion. 
“Bringing romance into education”’ is a powerful means 
of vitalizing it. Ralph D. Bennett, on the other hand, 
answers the question from another point of view. Being 
himself Associate Professor of Electrical Measurements 
he has had vast experience in student laboratories. In 
this article he outlines the advantages of allowing the 
student to follow his own plan when working in the lab- 
oratory instead of working each step according to a set 
of laboratory notes. He also discusses why certain 
inherent mechanical and psychological characteristics 
prevent the introduction of the “ideal’’ laboratory, in 
which the student is allowed to do whatever he wishes 
whenever he so desires by whatever method he chooses. 
It is hoped that these two discussions on the very perti- 
nent topic of education will bear fruit in the form of 
improved methods of education. 


RICHARD O. LOENGARD, 717, Vice-President of 

United Chromium, Incorporated, is in an excellent 
position to discuss the present methods of production, 
uses and future possibilities of the highly specialized yet 
widely known art of chromium plating. Without becom- 
ing unduly technical the author describes the modern 
methods of plating and the different uses of the products 
of the various methods. 


‘THROUGHOUT the nation many descriptions of the 

new George Eastman Laboratory have appeared, 
but none have described in the interesting and fluent 
style of Avery A. Ashdown the planning and slow devel- 
opment that lies behind this magnificent building. Dr. 
Ashdown has been for many years an instructor in 
Organic and Physical Chemistry at the Institute. From 
his own experiences and observations he is able to tell 
of the slow and tedious endeavors of many men for ade- 
quate facilities in chemical research, culminating in the 
Eastman Laboratory. 
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Left Fig. 162 Jenkins Extra Heavy Iron Body Globe Valve, flanged. 
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Hard knocks are part of hockey. The player who 
“stars” must be able to stand the gaff. Similarly 
with a valve. 


It is the ability of Jenkins Valves to take the hard 
knocks and strains of service... of rough handling, 
of pipe weight, settling, lifting, expansion and 
contraction. These set Jenkins apart as winners. 


Into the making of every Jenkins goes a craftsman- 
ship that can come only from many years of 
experience in valve manufacture ...an experience 
dating back to 1864. From the first perfect con- 
trol of raw metals to the final assembly, excellence 
is the keynote of Jenkins manufacture. 


Practically every valve job is a job for a Jenkins. 
Form 100 show a representative group of Jenkins 
in iron and bronze. Glad to send a copy. 


JENKINS BROS. 


510 Main St., Bridgeport, Conn. 
80 White St., New York, N. Y. 133 No. Seventh St., Philadelphia, Pa. 
524 Atlantic Ave., Boston, Mass. 646 Washington Blvd., Chicago, III. 
JENKINS BROS., Limited, Montreal, Canada; London, England 
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It will pay you 
to read the ad- 
vertising which 
appears in this 


issue. 


NOWADAYS! 


Advertising in college publications is 
not charity, not in these times. The 
advertiser who buys space in the 
TECH ENGINEERING NEWS 
does so because he has a definite 
product or service to offer every one 


of its readers. 


The Dramashop will present 


“THE PIGEON” 


‘By JOHN GALSWORTHY 


THURSDAY AND SATURDAY, DECEMBER 8 AND 10 


THE COMMONS ROOM, ROGERS BUILDING 


Tickets $1.00 at door, or in Room 2-176, M. I. T. 


491 BOYLSTON STREET, BOSTON 





AT 8.15 P.M. 


~~ 





THE TECH ENGINEERING NEWS 











TECH ENGINEERING NEWS 


Volume XIII 








Che 


CONTENTS 
BUBBLE TOWERS . 
ECONOMICS APPLIED TO ENGINEERING 


By Edwin R. A. Seligman 
With an introduction by Donald S. Tucker 


VITALIZED EDUCATION 
Tue HuMAN SIDE , 
By Edward L. Bowles 


THe EXPERIMENTAL SIDE 
By Ralph D. Bennett 


THE SCIENCE OF CHROMIUM PLATING . 
By Richard O. Loengard 


CULMINATION OF THE DEVELOPMENT OF CHEMICAL 
RESEARCH AT TECHNOLOGY 
By Avery A. Ashdown 
PREVIEW 
EDITORIALS . 
ENGINEERING DIGEST . 


RESEARCH IN REVIEW 





THE ENGINEERING COLLEGE MAGAZINES ASSOCIATED 


Chairman, RopLtay WINFRAY 


Iowa State College, Ames, Iowa 


Auburn Engineer Kansas State Engineer 
Colorado Engineer Marquette Engineer 
Cornell Civil Engineer Michigan Technic 


Illinois Technograph Minnesota Techno-Log 


Iowa Engineer 
Iowa Transit 
Kansas Engineer 


DECEMBER, 1932 


Nebraska Blue Print 
Ohio State Engineer 
Oregon State Technical Record 
Penn State Engineer 


CAMBRIDGE, MASS., DECEMBER, 1932 Number 7 


COPYRIGHT 1932 BY THE TECH ENGINEERING NEWS 































Frontispiece 


125 


128 


130 


121 
132 
134 


136 


Pennsylvania Triangle 
Purdue Engineer 

Rose Technic 

Sibley Journal of Engineering 
Tennessee Engineer 

The Tech Engineering News 
Wisconsin Engineer 





Technology Review 


BUBBLE TOWERS 


Photographed by George H, Davis, Jr. 





oe 





‘Tne feu 






ENGINEERING NEWS 


THE PROFESSIONAL JOURNAL OF THE UNDERGRADUATES OF THE 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 





VotumeE XIII 


DECEMBER, 1932 


NuMBER 7 





ECONOMICS APPLIED TO ENGINEERING 
The Greatest Income With the Least Output 


By EDWIN R. A. SELIGMAN 


McVickar Professor Emeritus of Political Economy 


T is important at the outset before 

considering the relations of engi- 

neering and economics to get a 

clear picture of their differences 
and contrasts. Although the readers 
of this article will naturally understand 
what we mean by engineering, it may, 
perhaps, be pertinent to introduce a 
quotation from the Encyclopedia of 
the Social Sciences, of which I happen 
to be the editor. “Engineering is an 
inclusive term embracing the discovery 
of laws, through research in the formu- 
lation of principles and methods of 
utilizing them through the design, con- 
struction, maintenance, and operation 
of mechanical and other devices. The 
content of the science and art was first 
identified with discovery and _ utiliza- 
tion of the physical, chemical, and elec- 


Columbia University 


Edwin R. A. Seligman, dis- 
tinguished economist and 
writer on economic subjects, 
is perhaps best known for his 
work in the field of taxation. 
Probably no American author 
contributed more toward the 
adoption of the income tax in 
the United States. His vari- 
ous books on economic sub- 
jects have passed through 
edition after edition. For 
jorty years professor in Co- 
lumbia University, he has 
served also as editor of several 
scientific publications, as ex- 
pert to the League of Nations 
committee on taxation and 
finance, and within our own 
country he has served on sev- 
eral government commissions 
on taxation or finance. 


Prof. Donald S. Tucker, Ph.D. 


as such, while economics deals primarily 
with the social aspects of the problem. 

The range of engineering activities 
has been much extended in recent 
years. The earliest forms of engineer- 
ing were military and civil engineering. 
Then, in modern times, came mechan- 
ical, mining and metallurgical, chem- 
ical and electrical engineering. Still 
more recently a further specialization 
took place, and we now are becoming 
familiar with such phases as aeronauti- 
cal, agricultural, architectural, elec- 
trochemical, forest, highway, hydrau- 
lic, irrigation, marine, radio, sanitary, 
and transportation engineering. 

More and more, however, the tech- 
nical side of engineering has been recog- 
nized as affecting the prosperity of the 
particular business enterprise with 
which it has been associated. As soon 





trical properties of matter, as in the 
design and construction of roads, 
bridges, and machines. Later it was 
extended te include the problems of the service and 
economy of such devices, as in determination of a pro- 
posed railroad.’’ On the other hand, economics may be 
defined as the discipline which deals with social phe- 
nomena, centering about the provision for the material 
needs of the individual and of organized groups. It 
deals in the main with the business activities of the indi- 
vidual and social aspects of the attempt to make a 
living. 

We see from the above that the distinction between 
the two disciplines consists rather in the contrast be- 
tween the technical and social aspects of the problem. 
There is often a misunderstanding of the word economic 
or economical. The economic principle may be con- 
ceived to be the attempt to secure the greatest result 
with the least effort or outlay. In this respect, however, 
there is no difference between engineering and economics. 
Both disciplines attempt to explain the way of securing 
the largest results with the smallest expenditure. But 
engineering deals primarily with the operating problems 


DECEMBER, 1932 








as the element of business prosperity 
is introduced, we are at once in the 
presence of the relation of the particular business enter- 
prise to the general social welfare. As a consequence, 
the engineer has become more and more conscious of the 
social or economic implications of his calling, and his 
advice is being continually sought not only on the tech- 
nical side of the problem, but also on the wider social or 
economic aspects of the situation. The modern engi- 
neer, no matter in what field he works, is not only in- 
creasingly called upon to act as manager of a particular 
enterprise in the technical sense, but is being drafted 
into service, into dealing with human beings, not only as 
employee or workman, but also as a more versatile par- 
ticipant in the economic process. Let us call attention 
to a few of the economic problems with which the mod- 
ern engineer must familiarize himself. 

In the first place we should like to emphasize what 
is sometimes more narrowly called the management 
problem, or the personnel problem. There is here in- 
volved the question of dealing with workmen. Although 
(Continued on page 138) 
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The Human Side 


By EDWARD L. BOWLES 


ODAY, more than ever 
before, we find ourselves 
surrounded with com- 
plex methods, terms, and 
professional designations. It 
is commonplace to find oneself in a position where even 
with heroic effort it is scarcely possible to answer the 
questions as to just what a given profession embraces. 

Engineering is a name designating but one of many 
professions. Although it is a modest term it is not simple 
to define. Specifically, engineering in its broader sense 
seems by natural acquisition to embrace the fields called 
science, economics, and humanics. Behold these simple 
denotations, ponder them, then face the educational 
problem of “how to amuse them today,” for that is 
often a serious task in the engineering training of 
students. 

Considering the educational aspects of engineering, 
it has always seemed to me that it is comparatively easy 
to face a group of students if one is armed with the aver- 
age dry textbook. On the other hand, I believe that in 
the battle that follows, the casualties on both sides may 
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VITALIZED 
Two Views of 


ARE ENGINEERS PEOPLE? 


Associate Professor of Electrical Communications 


become high. The initial interest of the prospective 
engineer may later emerge as crass indifference; the well- 
meaning instructor may have fallen into the habit of 
merely giving assignments, drilling, and then minister- 
ing to his own humdrum material needs comprising such 
things as food and sleep. 
After all, such an encounter is lamentably prosaic. 
It is devoid of positive result and is to be deprecated 
particularly for the reason that in those fields making up 
the profession of engineering there are so many dis- 
coveries which are fascinating in story, so many events 
which are significant in effect, and so many stories which 
are humorous to encounter. Surely, however, it must 
often appear to the uninitiated student who tackles the 
average engineering textbook that romance is a thing 
not of the stuff of engineering. In fact the textbook 
treatment may be so complete, the illusion so perfect 
that the graduate may feel that only by going out into 
practice will he learn what it is all about. A mystery — 
this thing called Engineering. 
And now I come to the question whether or not it is 
possible to vivify an otherwise ordinary engineering 
course. One answer, I believe, may be had by 


mw examining the operating field of engineering with 


its myriad connections, taking care lest the con- 
nections throw one off the track and into that 
intellectual morass into which so many students 
are led unsuspectingly by the ambitious young 
trainer who has only just unloosed his rather 
limited bag of educational tricks. 

The study of engineering comprehends the 
study of origins. The study of origins inevitably 
involves the study of human progress, and this in 
turn indicates the study of human endeavor, and 
thus the individual as a personality. Fortunately, 
perhaps, man does not lend himself well to cold- 
blooded analysis. Any study of him, particularly 
in relation to his mental processes and accom- 
plishments, more often than not leads to romance. 
Somehow it seems to have been ordained that for 
the present romance is not a thing for engineers, or 
at least for the prospective ones. 

Who can deny that there is romance in every 
engineering achievement of moment? Every great 
project is the product of creative minds. And yet 
our texts, mayhap for reasons of brevity, do not 
often give hint of this human touch, this hidden 
glory. 

Not only is there the record of the past, indi- 
cating as it does the struggle to achieve, the joy of 
accomplishment manifest in the laboratory experi- 
ment or the abstract creation of the pure scientist, 
the practical application of an abstract idea by the 
utilitarian mind, and the organization of a great 
industry, but there is also the living struggle of 
today punctuated as it is by failures and successes. 

Should we not then make our engineering tracts 
for engineering education vivid if we are to train 

(Continued on page 137) 


Still life in the Steam Laboratory 
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EDUCATION 
the Same Problem 


WHY LABORATORIES? 
The Experimental Side 


By RALPH D. BENNETT 


Associate Professor of Electrical Measurements 


T has been customary for engineering students to 

devote a generous portion of their time to laboratory 

work, which consists of a variety of more or less 

routine performances extending through the four 
college years. To those who have the responsibility of 
the supervision of this work, questions arise as to how 
much of it is worth while, and how it can be made to be 
of the greatest value to the students. 

Young men come to Technology to be trained for 
important places in the world of engineering. This 
means that they must become primarily directors of 
men. Their work will, however, have as its fundamental 
basis the relations of men to machines. In order to 
direct successfully other men in these fundamental rela- 
tions the director must understand and appreciate these 
relations at least as well as, and preferably better than, 
the subordinates whom he directs. The laboratory is 
the place where the future executive learns these essen- 
tial principles by actual manipulation. 

Not all people believe in the laboratory method of 
gaining familiarity with the physical world. The Chi- 
nese for example have believed strongly in the philo- 
sophical approach. From this viewpoint the sage 
acquires his knowledge from books alone. Underlings 
can always be hired to do the actual manipulative part 
of the work. To a certain extent this point of view 
has value. Too frequently we could save ourselves 
much unnecessary labor by a small amount of 
contemplation. But the inadequacy of a com- 
pletely philosophical approach is probably best 
demonstrated by its results in the Orient. 

The American approach to the problem has 
been quite different. According to our tradition 
those who direct must win their right to direct by 
having learned by actual doing. The adequacy of 
this method must be judged by its results. It is 
true that they are far from perfect, and they, and 
the methods of attaining them, are being scruti- 
nized by many thinking people at the present time. 
Yet it seems probable that whatever social and 
political changes may come to pass, we are em- 
barked on a machine age from which it will not 
be possible to retire, except by a complete collapse 
of modern civilization. This means that, as in the 
immediate past, our progress in the immediate 
future will depend fundamentally on the relations 
between men and machines, and it is for these rela- 
tions that Technology men must be trained. 

It seems to me that a school can do little to 
make or unmake a man. Most of what he has is 
innate. A school can, however, contribute much 
to a man’s experience, and the better the school 
the better this contribution will be. It is in the 
broadening of experience, especially in the rela- 
tions of men and machines, that the laboratory 
enters. 

There are many methods of conducting lab- 
oratory work. Perhaps the ideal laboratory would 
not be far different from Mark Hopkins’ Uni- 

The food chemist 
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versity. In the laboratory part 
of his university the teacher 
and student might be pictured 
as applying a saw to the log Technique 
between periods of contempla- 

tion and discussion. More specifically, laboratory train- 
ing can best be*given to*’small groups working side by 
side with an enthusiastic teacher. Perhaps the best 
tribute to the efficacy of this method is the long list of 
famous students of J. J. Thomson in Cavendish Lab- 
oratory at Cambridge. It is effectively applied in this 
country and elsewhere in graduate study. It is unfor- 
tunate that it cannot be begun much earlier in the 
student’s career. 

The reason that our ideal laboratory cannot exist for 
all, of course, is the lack of a sufficient number of teach- 
ers. Students flock to us in such numbers that large 
groups are necessary in order to give them all some 
opportunity, albeit a poor one, unless a large staff is 
available. This clamor for training (sometimes arti- 
ficially and unhealthily stimulated) forces a certain 
amount of regimentation. The economic factor, of 
course, also enters. Less completely organized and 
directed laboratory work is always more expensive, both 

(Continued on page 139) 
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HE use of chromium plating has grown with tre- 
mendous rapidity in the last five or six years. It 
is well known as a final finish on articles such 
as automobile hardware, plumbing fixtures, and 

household appliances. These applications may, in the 
future, be overshadowed by uses which will be made of 
chromium plating in industrial operations, in connec- 
tion with its anti-corrosion and wear-resistant properties. 

This article is an attempt to outline briefly the fac- 
tors which must be considered, in order to determine 
whether chromium plating may be satisfactorily used 
for a definite purpose. No attempt will be made to go 
into technical details, but, from the standpoint of any- 
one not familiar with electroplating in general, who may 
have the occasion to consider the possibilities of using 
the chromium plating process, it may be helpful to have 
a general idea of what can and what cannot be done, and 
to what factors attention should be given. 

Chromium plating is a tool which, when properly 
used, frequently makes possible that which could not 
otherwise be accomplished. It is used as a final surface 
covering, to improve the appearance of an article, or to 
protect it against corrosion or against abrasion. It may 
be used for two or possibly all three of these purposes 
simultaneously. For instance, on a radiator shell the 
use of chromium is largely decorative, with only such 
other consideration of the properties of the coating as 
will cause the shell to maintain its appearance over a 
sufficiently long time. This does involve corrosion and 
abrasion resistance to a certain extent — the old- 
fashioned nickel-plated shell tarnished, and then the 
nickel was worn off in the course of the polishing neces- 
sary to restore its brightness. Chromium overcomes to 
a large extent these shortcomings. On the other hand, 
when equipment to be used in the manufacture of paper 
is to be plated, the appearance is of minor importance, 
but a covering is needed which will be resistant to the 
corrosive action of the solutions as well as to the abrasion 
of the paper passing over the parts. The specifications 
for the plate used for this purpose must, therefore, be 
different from those applying to the plate used for a 
radiator shell. For this reason, in the chromium plating 
process, technical control and scientific analysis of the 
problem at hand is of fundamental importance, and, 
although the metal is deposited on the surface, no super- 
ficial treatment of the operation can give results of the 
highest quality. 
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Figure 1. 
Smooth deposit, produced at low current density 
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THE SCIENCE OF 
The Commercial Application 


By RICHARD O. LOENGARD °17 


The purpose for which the article to be plated is to 
be used, deserves first consideration. Can chromium 
plating be expected to accomplish the results desired? 
To answer this question, the service conditions to which 
the article is to be subjected must be studied; we must 


ie 
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Figure 2. 


Frosty deposit, somewhat higher current density than 
Figure 1, other factors constant 


determine by studying these conditions whether it is 
corrosion resistance or abrasion resistance, or both that 
is needed. If corrosion is a factor, what is the corrosive 
medium, what is its concentration, and what is its 
temperature? If abrasion, is the abrasion constant or 
intermittent — how great is the pressure, and how long 
a life is desired? If any of the chemicals present are 
those known to attack chromium, such as hydrochloric 
acid or compounds which on decomposition are apt to 
form this acid in which chromium is soluble, then the 
plated chromium will be unsatisfactory. If the purpose 
of the covering is to resist wear, satisfactory results can- 
not be expected if the underlying base is soft or is liable 
to deformation under the stresses involved, which would 
have the effect of distorting the surface on which the 
chromium is deposited, and thereby cause the chro- 
mium deposit to crack or flake. No matter how hard the 
deposit, it cannot resist concentrated pressure over a 
small area if the metal beneath it is not sufficiently 
strong to resist such pressure. 

Consideration, therefore, must be given to the base 
metal which is to be used in manufacturing the article. 
This choice has considerable influence on the subsequent 
chromium-plating procedure. If the requirements of the 
article, as to strength and toughness, are such as to 
make it advisable to use steel, the procedure required is 
different than if brass is the base metal. Perhaps it is 
not necessary or desirable to plate the entire surface of 
the article, either because certain portions are hidden or 
inaccessible, or because wear occurs only at certain 
points. If it is necessary to plate pipe, for example, both 
inside and outside, the cost will be very materially higher 
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CHROMIUM PLATING 


of Technical Experimentation 
Vice-President, United Chromium, Incorporated 


than if the plating need be only on the outside. This 
may justify the use of a more expensive base metal in 
place of a cheaper material because of the additional 
cost of finishing the latter. The weight of the metal 
composing the base, its coefficient of expansion, its 





Figure 3. 
Burnt deposit, still higher current density than Figure 2 


resistance to deformation, and its color, may all have 
an effect on the cost and the type of coating best suited 
for the particular use. 

Cleaning the base metal is of fundamental impor- 
tance in insuring the durability of chromium plating as 
applied on its surface. Here, too, there is a difference in 
the ease and cost of treating various metals. A metal 
which is sure to be free from any slag inclusion, presents 
less difficulties than one which may have non-metallic 
imperfections in its surface. Blow holes and pores in the 
surface of the metal must be eliminated in order to 
obtain as impervious and durable a covering as pos- 
sible. The cost of the preparation of the surface fre- 
quently has a material bearing on the choice of the base 
metal used. 

Another fundamental factor affecting the quality 
and cost of the chromium deposit is the design of the 
article. Much thought has been given to the treatment 
of flat surfaces in order to obtain the most lustrous and 
brilliant appearance. Sharp angles or deep recesses may 
make it difficult to procure a uniform finish without 
considerable polishing, or require the use of special 
anodes and racking arrangements in the plating opera- 
tion itself. Such special apparatus invariably increases 
the cost. A small, barely noticeable change in the design 
may greatly simplify the chromium plating process, 
whereas if this change were not made, so much increased 
handling would be required that commercial production 
would be far more expensive. The inclination of a 
spout on a tea kettle, the degree of curvature in the rim 
of a sugar bowl, the chamfer on the edge of a plug 
gauge may have a decided effect not only on the cost of 
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the plating, but also on the appearance and utility of 
the finished article. 

Chromium deposited for decorative purposes is fre- 
quently applied over layers of intermediate metals and 
also electrolytically deposited. Various factors deter- 
mine whether such intermediate layers are necessary or 
not. At times such intermediate layers reduce the cost 
of plating. At other times they give additional protec- 
tion against the possibility of any pin holes in the chro- 
miurn allowing corrosive agents to permeate to the base 
metal itself. It may be desirable to have a metal of 
approximately the same color of chromium immediately 
underneath the surface so that if for any reason the 
chromium surface should be removed, it would not leave 
a spot having a totally different color. An example of 
this is the use of nickel as an intermediate coat between 
a brass plumbing fixture and the chromium covering. 
Should the chromium be injured by hydrochloric acid 
used in cleaning tiles, for instance, it would leave 
beneath it a white covering of nickel instead of the 
yellow color of brass. 

Assuming that the base material, the design, clean- 
ing and intermediate coatings have been decided upon, 
there next comes the question of determining the type 
and thickness of the chromium deposit. The finish of a 
chromium deposit is largely based on the finishing 
operations applied prior to the deposition of chromium. 
If the final article is to be highly polished, the chromium 
is deposited on a highly polished base. 

What is meant by type of deposit may be illustrated 
by examination of the difference in structure between 
the plate shown in Figure 1 and that shown in Figure 4. 
A plate of the type shown in Figure 1, if of sufficient 
thickness, would give as satisfactory results as a thinner 
plate of the type shown in Figure 4. This question of 
thickness is particularly important where chromium is 
used for wear-resistant purposes, and strangely enough 
it is not always the thicker plate that gives the longest 
life. Many applications have shown that a light plate 
gives better results than a heavy deposit, possibly be- 
cause the inherent brittleness of metallic chromium 
diminishes the resistance of the thick plate to certain 
types of shock. The correct type of plate in many 
instances has been determined by experience; in new 
applications, tests must be run to determine the opti- 
mum deposit under the specific conditions. 

Composition and control of the plating solution and 

(Continued on page 138) 





Figure 4, 
Slightly milky deposit, showing no cracks or nodules 
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Culmination of the 


Development of Chemical 


Research at Technology 


O such rapid growth as that exhibited by the 
intense activity of erecting and equipping the 
new George Eastman Research Laboratories is 
responsible for their present existence. On the 
contrary, the forces which have produced these beauti- 
ful and efficient quarters for advanced study and re- 
search, find their origin in the purposes of the Institute. 
From earliest times, one of its acknowledged functions, 
in addition to the training of students, has been con- 
tributions to the growth of scientific knowledge. The 
¢astman Laboratories, providing greatly improved 
facilities for research, give more definite recognition 
than ever before to this function of the Institute. They 
do much more in that they bring research in physics and 
chemistry into closer contact than exists in almost any 
other school in the United States. 
Such close association is in line with one of the most 
important trends in scientific developments in modern 
times. During the past forty years or more, many dis- 


coveries and advances have resulted from researches in °* 


the rather broad areas which separate the various 
branches of science. The rise and growth of physical 
chemistry constitute one of the most fruitful and far- 
reaching of these alignments. By establishing the Re- 
search Laboratory of Physical Chemistry in 1903, the 
Massachusetts Institute of Technology became the first 
school of higher learning in the United States to give 
broad official recognition to this important new develop- 
ment. The immediate credit for founding the new lab- 
oratory belongs to Arthur A. Noyes and Willis R. 
Whitney, both of whom were then professors in the 
Institute, and both of whom had come under the influ- 
ence of Wilhelm Ostwald and his associates during their 
graduate study at the University of Leipzig. When 
they returned to this country in the late nineties, they 
were filled with enthusiasm for the new science of physi- 
cal chemistry. They continued their researches, already 
begun, on what proved to be the outstanding chemical 
problem of the era, namely, the nature of solutions of 
electrolytes. Not immediately were they given the 
facilities that were needed. Eventually, in 1903, the 
fine flowering of their researches was rewarded by the 
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establishment of a separate laboratory. In those early 
days, the only available space was in the basement of 
Engineering, C, Building in Trinity Court, Boston, 
about where the University Club now stands. These 
rooms offered new opportunities, not unmixed, however, 
with inherent difficulties. For example, the location 
and level of the windows was such that when they were 
opened, all the dust and dirt of the street blew in and 
settled over apparatus and chemicals. Nevertheless, 
the laboratory flourished. The investigations grew with 
an increasing rate as the resources for experimentation 
were enlarged, and as able students arrived to pursue 
advanced study and research. It is interesting to note 
that the first awards of the degree of doctor of philos- 
ophy ever made by the Institute were given in 1907 to 
three students in the Research Laboratory of Physical 
Chemistry; namely, Raymond Haskell, Robert B. Sos- 
man, and Morris A. Stewart. In the long run, the group 
of students of the earlier days has furnished some of the 
ablest leaders of physical chemistry in the United States 
today. 

The activities of the Research Laboratory of Physi- 
‘al Chemistry have had a marked influence both on the 
development of chemistry in the United States and on 
the applications of physico-chemical methods to prob- 
lems in related fields. That this is true may be demon- 
strated even by a partial list of former members of the 
staff and former students together with the positions 
they now hold. Before 1916, there had come to the lab- 
oratory such outstanding present-day teachers and 
investigators as Gilbert N. Lewis, William C. Bray, and 
Merle Randall, all of the University of California at 
Berkeley; Richard C. Tolman and Roscoe G. Dickinson 
of the California Institute of Technology; Claude S. 
Hudson of the Hygienic Laboratory of the Public 
Health Service in Washington, D. C.; William D. Cool- 
idge who, recently, has been appointed Director of the 
Research Laboratories of the General Electric Company 
at Schenectady, New York; John Johnston, director of 
research of the United States Steel Corporation in New 
York City; Charles A. Kraus, head of the Department 
of Chemistry of Brown University; Edward W. Wash- 
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Happy is he who has been able to learn the causes 
of things, and has cast beneath his feet all fears, 
and inexorable Fate, and the roar 
of greedy Acheron 


burn of the Bureau of Standards in Washington, D. C.; 
K. George Falk of the Harriman Research Laboratory 
of the Roosevelt Hospital in New York; William D. 
Harkins of the University of Chicago; and Frederick G. 
Keyes, head of the Department of Chemistry at the 
Massachusetts Institute of Technology. 

For sixteen years after the opening of the new Tech- 
nology buildings in Cambridge, the Research Labora- 
tory of Physical Chemistry carried forward its work in 
a group of laboratories on the fourth floor of building 
four. Some of these rooms were very disadvantageously 
located under skylights which not only admitted dust 
but also permitted the blazing summer sun to beat down 
on apparatus and worker alike. Taken all in all, how- 
ever, the new quarters were far more adequate than the 
original ones. The work of the laboratory gradually 
expanded, finally occupying a total of eighteen rooms, 
or all of the available space on the top floor of building 
four. In 1927 enlarged opportunities for researches in 
photo-chemistry were provided by allotting space in the 
basement of building two. 

This same period of sixteen years (1916-1932) saw 
the organization of two other Research Laboratories 
within the department. That for organic chemistry 
began its work in 1919 and nine years later, in 1928, the 
researches in inorganic chemistry were coérdinated in a 
newly created laboratory. Research work in all three 
of the principal branches of modern chemistry was thus 
given effective encouragement. Until the opening of 
the George Eastman Laboratories, the research work in 
organic and inorganic chemistry was carried out in bor- 
rowed rooms. The Department of Mining and Metal- 
lurgy generously loaned space for organic chemical 
research, and the division of analytical chemistry did a 
similar service for inorganic chemical research. The 
Eastman Laboratories thus bring together all of the 
somewhat scattered researchers into a unified com- 
munity. The maximum amount of contact between the 
workers, and a more lively exchange of ideas is thus 
assured. 

The new laboratories not only provide more ade- 
quate space for research, but also they contain many 
new features of construction and arrangement of equip- 
ment, which are designed to make them peculiarly effi- 
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cient. There are also fully equipped shops for wood, 
metal, and glass work, making possible the construc- 
tion of any required apparatus. The inter-departmental 
library of physics, chemistry, and mathematics, admin- 
istered as a working library, and located near the center 
of the building, likewise contributes to the efficiency of 
the new research unit of the Institute. 

The George Eastman Research Laboratories were 
built not simply to provide a most efficient home for 
work already well established. They were built, as well, 
with the firm conviction that in years to come, the 
fundamental sciences of physics and chemistry are 
destined to play a larger and larger role in the develop- 
ment of human civilization. Together with mathe- 
matics, they form the foundation on which all engineer- 
ing rests. Furthermore, acquaintance with these funda- 
mental branches of human intellectual attainments 
affords one of the best approaches to a generous under- 
standing of modern life and the growth of modern 
culture. 

The Eastman Laboratories embody the further con- 
viction that scientific research is pursued to better 
advantage in an artistic atmosphere than otherwise. To 
this end the architectural features have been carefully 
considered. A visitor, approaching the building, will 
observe the fine proportions of the facade and his atten- 
tion will be arrested by the effective way in which the 
main entrance has been constructed. The spirit in 
which the laboratories were planned is exemplified by 
marble panels above the doorway. On the left is a 
medallion in honor of the Dutch scientist, van’t Hoff, 
who made great contributions both to physical chem- 
istry and to organic chemistry. On the right there is a 
similar medallion in honor of the great English physic- 
ist, Sir Isaac Newton. Passing through the carved teak 
doors, the visitor finds further evidence of the artistic. 
The lobby is particularly satisfying in its proportions. 
Its plain Italian travertine walls and floor are convinc- 
ingly elegant. A happy combination of the beautiful 
with the efficient is further evidenced in the main lecture 
room, the directors’ offices, the reading room of the 
library, and above all in the Moore room, given in honor 
of the late Forris Jewett Moore, who was himself the 

(Continued on page 140) 





Two of the plaques above the main entrance to the Eastman Laboratory. The third plaque is shown above. 
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EDITORIALS 


THEN AND NOW 

HE newspapers of today are vastly different from 

those with which yesterday’s readers were familiar. 
It is a far cry from the first copy of the Acta Diurna 
posted in the Forum at Rome to the million-circulation 
dailies of today. At first the change was necessarily 
slow and gradual. With the invention of the printing 
press, a great impetus was provided which rapidly 
pushed the newspaper to the front. 

The mechanical improvement in news dissemination 
was long paralleled by an increase in the truth and 
accuracy of information. Unfortunately, in recent 
years the press has suffered a relapse in these particulars. 
With the advent of high-pressure reporters and the rise 
of “‘yellow journalism,” accuracy has been subordinated 
to sensationalism. The tendency to screaming head- 
lines is becoming increasingly evident. College publica- 
tions, which ought certainly to approach more closely 
the ideal than commercial journals, have long withstood 
the change; but circulation difficulties are beginning to 
break down the barriers. Perhaps with better times this 
tendency will vanish of itself. 


HERE AND THERE 
*REAT scientists, ancient and modern, have shut 
themselves up in their laboratories for days at a 
time, carrying on their investigations without thought 
of the time of day. The late Thomas Edison declared, 
*“*T owe my success to the fact that I never kept a clock 
in my workroom.” Great discoveries, advancing the 
frontier of human knowledge, have been made all be- 
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cause those making them have been able to pursue 
seemingly unimportant phases of their work without 
interference, or undue haste. 

How different is the situation in our institutions 
that are forced to educate scientists by mass-production 
methods. In their laboratories, both a conspicuous 
clock and the constant exhortation of the instructor 
make speed a too necessary quality of the work done 
therein. The object is to complete a certain number of 
prescribed experiments in a limited time rather than to 
give the student that fundamentally practical founda- 
tion that can be achieved only by self-initiated, thor- 
ough investigation. 

At Massachusetts Institute of Technology students 
in the more elementary science courses are not allowed 
to work in the laboratories except during the time 
scheduled. This regulation is unfortunate, for any stu- 
dent interested in his subject can acquire much more 
substantial knowledge by experimental study than by 
that laid out in his curriculum. 

Some provision should be made to give students in 
elementary science courses working conditions more 
similar to those which many of them will have as scien- 
tists in later life. 


AN OPEN MIND 
HE most important prerequisite to scientific progress 
is the “scientific attitude,” characterized by open- 
mindedness. Human progress is limited by human in- 
ability and human prejudice, but of these two, the latter 
is far the more powerful factor. Inability can usually be 
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overcome by continued effort; but if our minds are 
prejudiced against the possibility of progress in a certain 
direction, then we do not even try to overcome our 
inability, and without effort, progress becomes prac- 
tically impossible. Before we can set out to accomplish 
anything, we must admit the possibility of that which 
we seek to accomplish, for only a fool would set out to 
do that which he is convinced is impossible. 

We should keep our minds open to new ideas, and 
think twice before we condemn anything as being “im- 
possible.”” Let us remem- 
ber that we do not know 
even a small fraction of 
all there is to know; how, 
then, can we be in a posi- 
tion to judge with cer- 
tainty what is possible 
and what is impossible? 
The answer is that we 
cannot; instead, we 
should accept all new 
ideas with equal lack of 
prejudice, and not reject 
any until it has been 
thoroughly investigated. 


SPIRITUALISM? 
ILL this rational 


world of ours be 
forced to admit the exist- 
ence of the supernatural? 
The most advanced 
physicists, votaries of 
that most practical of 
sciences, have decided 
that there is no absolute 
law in nature. The un- 
usual is admitted. Cele- 
brated psychiatrists and 
physiologists, Lombroso, 
Morelli, Sir Oliver Lodge, 
Flammarion, have con- 


firmed phenomena pro- ae 
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duced by mediums. The 
return of the dead has 
several times been wit- 
nessed by men of standing, and lesser phenomena occur 
more frequently. 

The public accepting these occurrences as super- 
natural is increasing by leaps and bounds. More than 
three hundred spiritualistic societies have been founded, 
and numerous periodicals deal with the subject of 
spiritualism. International conventions are being held, 
and a voluminous literature is being compiled. 

Consideration of the data on supernaturalism only 
increases our sense of helplessness and bewilderment. 
We are forced to admit that we know practically noth- 
ing. Perhaps we shall learn. 


RELAXATION 


WITH syncopated rhythm and melody comprising 
the simple musical diet of our age, it is hardly 
strange that a great majority of youth, complacently 
yielding to the influence of their environment, have 
grown into foot-tapping robots. It is preéminent that 
we have forsaken the more substantial classics to over- 
indulge in the candied sweets of “Tin Pan Alley.”’ 
Tech students, in spite of their rigorous intellectual 
training, are frequently among those previously men- 
tioned. However, the tragedy is not that so many 
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sinners are needing chastisement, but that so many 
benighted souls are ignoring an opportunity for a 
healthier mental life. 

Obscured by present-day popular music and jazz, 
and known only to a relative few, are the beautiful 
classics. They are the soul temples of the world’s 
greatest musical geniuses; their innermost sanctums 
harbor the most sublime emotional records of all time. 
Like all immortal works, they are appreciated quietly 
by those who have carefully sought them out. To them 
belongs the trust of this 
rich treasure. 

Tech men, if any, 
should possess all that 
patience and maturity of 
mind which is necessary 
for acquiring an honest 
appreciation of fine mu- 
sic. Perhaps it is suffi- 
cient to say that a sur- 
prising number of the 
great scientists found re- 
clusive relaxation in good 
music. Their names are 
varved in the stone 
friezes of Technology. 

But remember, good 
music, like good litera- 
ture, must be slowly as- 
similated. It represents 
profound emotion, the 
depth of which is abys- 
mal. No precocious dil- 
ettante can ever hope to 
learn its limitless beau- 
ties. Yet to one who has 
patiently come to under- 
stand its principles this 
very profundity becomes 
a never-ending source of 
pleasure. An engineer 
could be blessed with no 
finer means of wholesome 
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Technique CHAMBERLAIN 


HE ‘Tecnu ENGINEERING News, with considerable 

pride, presents to its readers reproductions of pencil 
drawings by Samuel Chamberlain *18. Mr. Chamber- 
lain, one of the foremost American etchers, recently 
returned from Paris to conduct a special course in archi- 
tectural sketching at the Institute. During the past 
month Mr. Chamberlain has been giving a one-man 
exhibition of etchings in the Print Rooms of Good- 
speed’s bookshop. The pencil drawings reproduced in 
this and last month’s issues of Toe Teco ENGINEERING 
News are examples of his unusual ability. They do 
great credit both to him and to his Alma Mater, which 
he here depicts. 


FALL ELECTIONS 

HE Managing Board regrets to announce the resig- 

nation of Frank M. Hartz ’34 from the position of 
Treasurer of Volume XIII. 

The Managing Board takes pleasure in announcing 
the following elections and promotions: Francis 5. 
Doyle ’34, to succeed Frank M. Hartz to the position 
of Treasurer, Beverly Dudley °35 and A. C. Isham, Jr. 
’°35 to Assistant Editor, James D. Parker ’35 to Assist- 
ant Circulation Manager, Thonet C. Dauphine °35 to 

(Continued on page 140) 
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ENGINEERING DIGEST 


Condensation of outstanding articles in the trade and scientific journals, published by special permission 


STEEL HOMES 


The Welding Engineer, October, 1932 


ALL-STEEL houses, made of sheet metal scarcely 

thicker than a dime, are beginning to make their 
appearance. A remarkable feature of this kind of house 
is that it is all skin and no skeleton; that is, the steel 
sections which compose its walls possess sufficient 
strength when properly braced to support the floors 
and roof. Electric welding of all the parts, made possible 
through unique designing of the steel sections, is another 
innovation in building construction, as far as small 
homes are concerned. So short is the time required to 
accomplish a weld, that the process compares in dura- 
tion with nailing two pieces of wood together. This 
house represents a definite advance toward the factory- 
built home, since all the sections are assembled at the 
plant, consequently permitting complete erection of the 
house to take place in but fifteen days. 

After the construction of a masonry foundation has 
been finished, the first operation in raising the house is 
to fasten a metal cap to the base. Then, piece by piece, 
the entire structure is welded to this cap. Exceptional 
firmness is provided by the peculiar design of the cap 
which causes it to tighten its grip when a twisting force 
is applied. In this type of house the floors serve to 
brace the walls, as they consist of Z-shaped plates which 
form a rigid honeycomb of metal boxes. Floors are 
covered with a layer of mastic to deaden the metallic 
sound and to serve as a filler between the steel plates 
and the hardwood floors. Strips of insulating board, one 
inch thick and fastened on the outside by drive screws 
to the steel walls, afford adequate protection from cold 
in winter and heat in summer. Porcelain-enamel 
shingles covering the board provide an attractive 
external wall. 

Marked advantages are possessed by the sheet-steel 
home over the conventional wooden-framed edifice. 
Being steel it is naturally lightning-proof and fire-proof, 
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Will your future house be made of steel? 


so that need of fire insurance is largely eliminated. Only 
a very low cost of maintenance is required since the 
enamel shingles never need painting and routine repairs 
are negligible. Of particular interest to the home owner 
is the low fuel consumption made possible by scientific 
insulation. 


IMPROVED TRIMOTORS 


Aero Digest, October, 1932 


HEN you take your next trip to New York via the 
American Airways you will probably fly in one of 
the ten new Stinson trimotor, ten-passenger planes 
which have now taken the place of the Stinson Detroit- 
ers used until last month. These ships are of high-wing 
monoplane design, are powered by three air-cooled 
Lycoming engines, each producing 240 h.p. as compared 
with the 215 h.p. in use on the former planes. More 
wing area and a considerably more streamlined appear- 
ance than the Detroiters possessed, as well as a two-way 
radio telephone apparatus and new low-pressure air- 
plane tires, are additional features of this modern fleet 
of mechanical birds. A volume 
of forty-four cubic feet is avail- 
able in the wing stubs for bag- 
gage and mail. Mounting of 
each outboard motor directly 
on the end of the stub elim- 
inates much of the vibration 
‘aused formerly when they 
were braced by numerous 
struts. 


ARCTIC WINTER 
Science Magazine, November, 1932 
MAROONED in a_ harbor 
that was open only thir- 
teen days this year, the French 
“polar year” scientific expe- 
dition in ice-covered Green- 
land plans to make observa- 
tions this winter which are 
expected to result in a great 
advance in the knowledge of 
the source of the North Atlan- 


Loading mail and baggage on 
one of the ten new Stinson tri- 
motors operating between New 
Aero Digest York and Boston 
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The Welding Engineer 


Assembling the sheet steel house is short work after the foundation has been laid 


tic Storms. The records are being made preliminary 
to the establishing of a string of meteorological stations 
which will ultimately furnish transatlantic airmen 
with precise information and storm warnings. 

The expedition, composed of fifteen men, has its 
base on Scoresby Sound, an estuary on the eastern 
coast of Greenland. Although the men with their three 
hundred tons of equipment were landed on July 27, 
they had scarcely time to build their camp before winter 
descended upon them, a full two weeks before it was 
expected in early September. As soon as the equipment 
was installed, observations were begun by measuring 
the magnetic and the electrical fields, the conductibility 
and ionization of the atmosphere, and by making aero- 
logical soundings. Atmospheric and oceanic phe- 
nomena, hydrographic and atmospheric currents, and 
the subjects of biology and geology are other interests 
of these fifteen men. Radio programs from America 
and Europe, which they are able to hear, will help keep 
these hardy pioneers in touch with a world from which 
they are entirely cut off, until they are able to sail 
southward next August. What they find out in the 
meantime will be awaited with interest by the scientific 
world. 


POISON FOG 


The Scientific Monthly, November, 1932 


OST of us will recall the stories of the mysterious 
poisonous fog that settled down on the Meuse 
Valley in Belgium late in 1930, causing the death of over 
a hundred inhabitants and the acute suffering of many 
others. An official investigating commission reported, 
a year later, that the toxic substance in the fog was 
sulphuric acid, formed by the oxidation of sulphur 
dioxide given off by burning coal, and by the combina- 
tion of the trioxide thus formed with the water vapor 
of the fog. To prevent the recurrence of such a calamity, 
the Chemical Engineering Division of the Engineering 
Experiment Station at the University of Illinois has 
been attacking the problem of removing sulphur dioxide 
and solid particles from flue gases and free sulphur from 
coal. 

The type of scrubber deemed best for gas purification 
was the filled column, which offers the greatest surface 
of contact between gas and liquid without creation of 
back pressure by allowing the liquid wash to flow over 
the surface of a solid, from within which the gas rises. 

A new method of removing the innate sulphur from 
coal by oxidation has likewise been attempted at the 
Experiment Station, using high temperatures and cata- 
lysts. The difficulty of removing the products of oxida- 
tion from the surface of the coal has not yet been 
solved. The combination of this process, however, 
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with carbonization of the coal in hydrogen has resulted 
in the elimination of 93 per cent of the original sulphur. 


LONG DISTANCE 


Bell Telephone Quarterly, October, 1932 


ANCY a tall new-building in the already crowded 
New York skyline from which diverge no less than 
six million miles of wire, organized by switchboards 
which occupy nearly every floor, and you begin to 
realize what a marvelous triumph of communication 
the Long Distance Building of the American Telephone 
and Telegraph Company represents. Through this 
building pass about one half of all long distance calls in 
America, including, of course, those to other continents. 
It is now possible because of the high efficiency of the 
machinery and personnel to put through a call to any 
part of the nation in an average of two minutes. 
As if this colossal service were insufficient, the Long 
Distance Building also gathers nation-wide radio pro- 


(Continued on page 140) 
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Through this switchboard pass nation-wide 
radio broadcasts 
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RESEARCH IN REVIEW 


COURSE III 
Mining and Metallurgy 

Nitrogen’s effects in steel are being investigated in 
the research laboratories of Metallurgy under the direc- 
tion of Professor R.S. Williams. The following methods 
of attacking the problem have proven fruitful. 

(a) Metallographic and Mechanical Methods: 

Nitrogen hardens the surface of certain alloy steels, 
forming a case that is almost twice as hard as that 
produced by carbon. This effect is called “nitriding.”’ 
The structural and mechanical properties of these steels 
as affected by changes in the composition of the metal, 
temperature of nitriding, pressure of the gas used, and 
a selection of sources of nitrogen other than ammonia 
are subjects of research. 

(b) X-ray Methods: 

To determine the fundamental causes of this hard- 
ness, intensive x-ray studies are in progress. ‘These 
should show whether the hardness is due to compounds 
of nitrogen with iron or aluminum, or both, and should 
indicate the formulas of any compounds that may be 
present. Other reasons for this remarkable degree of 
hardening may be discovered. 

(c) Chemical Methods: 

While nitrogen serves a most useful purpose in these 
special alloys, it often causes serious brittleness in 
plain carbon steels. Available information strongly 
suggests that nitrogen compounds often occur in elec- 
tric welds. Exact chemical and x-ray studies are now 
being made to determine the form in which nitrogen 
exists in weld metal, the minimum safe amount, and 
methods of preventing the accidental introduction of 
atmospheric nitrogen during the welding process. 


COURSE VIII 
Physics 

Ten million volts! Atomic nuclei might well 
tremble, could they foresee the treatment to which they 
will be subjected next spring, in the new Massachusetts 





Institute of Technology high-voltage laboratory on the 
Round Hill estate of Col. E. H. R. Green. Under the 
general supervision of Dr. Compton, an electrostatic 
generator designed to develop twenty kilowatts at ten 
million volts is being assembled by Dr. R. J. Van de 
Graaff, its inventor, and Dr. L. C. Van Atta. Its com- 
pletion will bring a powerful weapon to bear in the 
assault on the nucleus of the atom. 

Two great spheres of aluminum, each supported and 
insulated by a hollow column of textilite, mounted in 
turn upon a movable truck set on broad-gauge railroad 
tracks, will comprise the visible parts of the apparatus. 
Within the columns, insulating belts will transport elec- 
tric charge up to the spheres and deposit it there in 
much the same way that a conveyor belt carries sand. 

In studying atomic nuclei, protons emitted from a 
hydrogen arc within the positive sphere will hurtle 
through a horizontal evacuated tube connecting the 
two metal globes, and bombard the target, which, along 
with suitable observing instruments, will be located in 
the negative sphere. 

To make possible the attainment of ten million volts 
without having the air break down between the spheres, 
the generator at Round Hill is being built on a truly 
gigantic scale. From top to bottom, the apparatus will 
measure 43 feet. The aluminum spheres, already com- 
pleted, are 15 feet in diameter; within them will be 
laboratory space in which operators will be perfectly 
safe, even though they are many million volts above 
ground potential. The massive steel trucks, weighing 
12 tons apiece, will travel on a track 300 feet long, with 
rails 14 feet apart. For very high voltage experiments, 
in order to avoid corona effects with the metal frame of 
the hangar roof, the entire apparatus will be rolled out 
of doors. 


COURSE XII 
Geology 

Active work is being carried on in many branches of 
the science of geology by members of this 
Department. Professor Morris is conducting 
research work on the origin of schistose, 
gneissoid structures, and granite injections, 
in collaboration with Professor Larsen of 
Harvard University, the investigation being 
based upon field studies in central Massachu- 
setts. The former is also preparing a critical 
review of the Cretaceous stratigraphy of Asia. 

In geophysics, Professor Slichter has in- 
vestigated an electrical method for studying 
the upper thirty to fifty miles of the earth’s 
crust as well as means of determining the 
depth of sediments in the Narragansett basin. 
Research on the crystal structure of sulphide 
minerals is being conducted in the new Min- 
eralogical X-ray Laboratory and a study of 
the Triassic structures in the Connecticut 
Valley has been planned. 
COURSE XVI 
Aeronautical Engineering 

In aerodynamics the principal project is 
one for determining the aerodynamic char- 

(Continued on page 140) 
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for future accomplishment, and must this not then 
include such glimpses of the past and illustrations of the 
present that the educational procedure is made dynamic? 

Imagine, for example, the difference in educational 
effect in the treatment of the vacuum tube and its place 
in the field of engineering on the one hand by a method 
in which only the bone dry facts are given in.a vigorous 
deadly accurate manner, with facts accepted as things 
or inanimate ideas without origin, and on the other 
hand by a treatment in which just tribute is paid to the 
inventive talent of Edison, the inquiring aptitude of 
Fleming, the creative genius of Thomson, the scientific 
curiosity of Richardson, the thoughtful applications of 
Wehnelt, the powerful contribution of DeForest, the 
vision of Lieben and Reisz, to say nothing of those who 
followed; a treatment pointedly touching on the com- 
mercial assimilation and consequent development of the 
vacuum tube and on the commercial conflicts, particu- 
larly in the form of patent litigations of magnitudes and 
extent, seldom if ever before witnessed! 

By 1910 the functional foundation had been laid for 

the present commercial development of the vacuum 
tube. This development owes its magnitude not only to 
improvement but also to the many possible applications 
now available. It is impossible, and after all not at all 
essential at this point, to outline in detail the various 
developments or to give credit to the many individuals 
who contributed to the subsequent development of the 
vacuum tube. It is safe to say, however, that the prin- 
ciples governing the vacuum tubes we have today, were 
quite well and thoroughly laid down by the end of 1913. 
Naturally enough, by this time two of our great indus- 
tries in this country had become intensively interested 
in the vacuum tube. Thus the Telephone Company and 
the General Electric Company applied themselves fever- 
ishly to develop this new agency, which they both recog- 
nized had tremendous future possibilities. 

Inevitably there followed a tremendous patent 
development not only by these large organizations but 
also on the part of individuals, with the result that the 
Patent Offices here and abroad were flooded with appli- 
cations on the subject of vacuum tubes themselves and 
on circuits with which they could be associated. The 
results of these litigations which followed have been far 
reaching, not only with regard to the specific settlement 
of the commercial contests involved, but also to the 
position of the work of the scientist or investigator in 
questions of patentability and state of the prior art. 

There are many terms, many developments, many 
seemingly useless digressions i in any art, which can only 
be rationalized, interpreted, and appreciated through an 
understanding of patent exigencies. It seems not to be 
generally realized that a great deal of material in con- 
nection with the various engineering arts is not available 


in engineering or scientific publications but is only avail- 
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able in the archives of the Patent Office. In patent liti- 
gations there is also the refreshing satisfaction of being 
able to couple the direct testimony of each authority 
with the testimony on cross examination — a treatment 
never found even in comparable form in a scientific 
paper or textbook. 

As time goes on, it appears that our courts are taking 
a broader and broader point of view with regard to the 
value of so-called laboratory experiments of the scien- 
tists and are becoming more willing to accept them as 
substantial contributions to those “skilled in the art.” 
This position places a heavy responsibility on the 
inventor and gives great weight to earlier contributors. 

The subject of patents is not one which can be dealt 
with in detail in our regular engineering courses. On the 
other hand the subject is becoming of such vast impor- 
tance in connection with our everyday engineering work 
that it behooves us to put before the students some 
knowledge of how a patent or the control of patents 
affects an industry. Nowhere, I believe it is safe to say, 
is the general patent situation and patent procedure 
today of more importance in its far reaching effect than 
in the field of vacuum tubes. 

It takes no imagination to appreciate the fact that 
in our industry the patent feature has become an 
extremely important one, both for defensive and offen- 
sive purposes. Aggregate of patents has been used in 
both ways. The engineer of tomorrow, more than ever 
before, will be confronted with the problem of analyzing 
specifications and specification drawings not as a lawyer 
but as an engineer. 

Carrying in mind the varied aspects of any engineer- 
ing field, of which the vacuum tube art is but an example, 
it seems certain that the instructional program of ays 
professional courses should ultimately be vitalized by 
careful interspersing at appropriate points of Sania’ 

taken from a comprehensive study of the engineering 
art as it actually exists. 

I say that in a given field of art the student can 
hardly be expected to appreciate values, economic if 
you wish, without knowing something of the failures as 
well as the successes, the scientific as well as the com- 
mercial intrigues, the exploitations, the commercial 
power of mere names of individuals or of articles of 
commerce, the power of large organizations to shape 
scientific destinies, and the agencies, such as patents, by 
which, theoretically at least, even the individual may 
become an element in a large economic system such as 
our own. 

These general ideas can not be forcibly or perfunc- 
torily thrust upon the student, nor should they over- 
bear the instructor. No, I do not submit that one should 
be taught everything in the hope that something will 
stick or in the sublime but futile belief that the humble, 
avid student will be a superman. On the other hand, I 
urge that mere knowledge, even though analytic, is not 
sufficient to stir the human mind to a state of self- 
motivation. 
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ECONOMICS 


(Continued from page 125) 


the researches conducted by Taylor have in many ways 
revolutionized the efficiency of the workmen, it was not 
long before it was seen that the problems involved far 
transcended the question of the economic efficiency of 
labor in the narrow sense. It was recognized that in 
dealing with the laborer we had inevitably to consider 
the problems of “hiring and firing,’ of trade-unionism 
and collective management, of the relation of wages to 
the cost of living and the standard of life, and of the 
repercussions of purchasing power upon demand and 
therefore upon the production of related industries, 
from the prosperity of which the particular enterprise 
could not be disassociated. Thus the technical aspect of 
the personnel management soon broadened out into a 
consideration of the labor problem as a whole; and this 
of course meant a comprehension of the underlying 
principles of the production and distribution of wealth. 
Just as the successful and far-sighted captain of indus- 
try must nowadays deal in a large way with the socio- 
economic problems of labor, so the engineer, in his 
advisory or auxiliary capacity as industrial manager, 
finds that his success depends largely upon his acquaint- 
ance with and appreciation of the underlying economic 
problems. 

Let us take, in the second place, the questions of 
money and banking. The modern engineer necessarily 
translates many of his activities into pecuniary terms, 
and especially where his business advice is sought, he 
has to deal with credit as it may be afforded by a bank. 
The natural tendency of the untutored is grossly to 
underestimate the meaning and value of a sound mone- 
tary and banking system. It is only through an ac- 
quaintance with the history and principles of monetary 
science that the engineer can hope to be put in a posi- 
tion to give the proper advice to the business enterprise 
in question. The sad results of the recent monetary 
inflation and its devastating consequences upon the 
conduct and operation of particular business enterprises 
in Germany are so recent as scarcely to call for further 
discussion. 

Let us take in the next place such a problem as that 
of taxation. The engineer in this country is often called 
upon for technical advice in ascertaining the actual or 
putative value of a mine, or an oil well, a factory, or a 
railroad. However, unless he is acquainted with the 
teachings of the fiscal theory he will be utterly unable to 
give the proper advice as to the desirability, for instance, 
of a tax on selling value as against a tax on yieldor 
produce. And when it comes to problems, like those of 
obsolescence or amortization, he will necessarily be 
handicapped unless he is more or less familiar with the 
considerations underlying the administration of our 
income tax. 

Finally, let us take up such a question as that of 
public ownership. The modern engineer is often closely 
associated with our so-called public utilities — the gas, 
water, electric light, and power companies. Most of 
these’ enterprises in this country are in private hands 
and yet there is everywhere a strong movement looking 
either to the regulation of these businesses or even to 
their assumption by the public. While there are not a 
few engineers that are retained by governments — local, 
state, or federal —the great majority of engineers are in 
the employ of private enterprises, yet they are con- 
tinually called upon for advice as to the extent to which 
social regulation or even management is desirable. The 
modern engineer worthy of his calling must be capable 
of giving such advice as will harmonize to the greatest 
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possible extent the conflicting interests. But in order to 
do this he must have a broad outlook and a firm grasp 
upon the fundamental economic principles. He must be 
able to come to a well-balanced conclusion as to the con- 
nection between private property and social welfare; 
and he must possess the necessary historical and theo- 
retical acquaintance with the various aspects of indi- 
vidualism and socialism. 

As a consequence of all these considerations — and 
they could easily be multiplied — there has been a de- 
cided tendency in recent years to enlarge the scope and 
content of engineering and to have it include not only 
the formulation of principles and the design of mechan- 
isms, but also the system of group conduct for the 
benefit of man. We hear today of such terms as man- 
agement engineering, production engineering, sales engi- 
neering, and even more recently of human engineering 
and social engineering. Modern engineering is becom- 
ing more and more conscious of these wider problems 
and beginning to assume some responsibility for the 
proper social use of the mechanisms which it calls into 
existence. The great engineer of the future is he who 
will not only have a mastery of technique but also 
possess an appreciation of and an acquaintance with the 
wider social implications of what he is endeavoring to 
create. When engineering and economics join hands we 
may hope for that more ideal consummation of achiev- 
ing not only greater wealth in its material aspects, but 
also greater welfare in its broadest aspects for the com- 
munity as a whole. 


CHROMIUM 
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the factors of temperature and current density are well 
understood and were first disclosed by Dr. Colin G. 
Fink of Columbia University, to whom was granted 
United States Patent No. 1,581,188, which covers the 
process which has laid the groundwork for the present 
commercial state of the chromium plating art. 

Such factors as concentration of the solution, tem- 
perature and current density may have an effect not 
only on the appearance, but also on the character of the 
deposit. This may perhaps best be visualized by refer- 
ence to the microphotographs here shown. The Figures 
1, 2 and 3 show the coating obtained under conditions 
where only one variable has been changed. Figures 1 
and 2 illustrate what is usually considered a satisfactory 
plate if used under proper conditions. Figure 3 is a plate 
which is technically known as being “‘burnt.”” These 
microphotographs illustrate the difference in the nodular 
structure of chromium deposits which may be obtained 
by increasing the current density, all other conditions 
remaining constant. 

This question of increasing current density has other 
influences on the chromium plating procedure in com- 
mercial production, for, assuming that a certain thick- 
ness of plate is desired, and assuming that it has been 
determined that the plate corresponding to that shown 
either in Figure 1 or in Figure 2 is satisfactory, it is 
obvious that more work can be produced in a certain 
tank capacity in a given time using the higher current 
density than the lower. This makes possible a certain 
flexibility in turning out production in any plating 
installation, but may call for a decision as to whether 
small facilities shall be operated intensively to the limit 
of their capacity, or whether an additional investment 
in equipment is justified. 

In conclusion, therefore, the need for forethought in 
planning and carrying out commercial chromium plat- 

(Continued on page 140) 
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EXPERIMENTAL 


(Continued from page 127) 


in outlay for apparatus and in time required of the 
instructor. Thus, in the first two years of the student's 
training, we seem to be forced to a routine laboratory 
course illustrating certain dry principles; requiring 
specific data sheets to be filled out, report forms to be 
turned in on certain dates, grades coming out in return, 
while interesting side lines are discouraged. The ques- 
tion arises in my mind as to whether this is worth doing 
at all. Certainly the average facility gained in actual 
laboratory manipulation, judged by the ability of the 
product of this method, seems low indeed. 

In the routine method of laboratory administration, 
the problem is stated together with directions for solv- 
ing, the apparatus is set up and put in working order, 
and the results desired are specified. In the solution of 
a professional engineering problem, the problem must 
first be formulated, the method of solution chosen; the 
apparatus, if any, will probably need adjustment; the 
results must be obtained quickly and with known pre- 
cision. Surely a transition toward the latter method of 
attack is desirable in college. 

By the time Technology students come to their 
junior year, they have reached mental maturity. Then, 
if ever, they will be able to take responsibilities. The 
work should be suited to the man. A transition period 
inserted here can ease the jolt of the long fall from the 
pinnacle of graduation day to the job down at the gas- 
house. 

I believe such a transition can be obtained in our 
upperclass laboratories by operating them in a more 
flexible manner. Instead of fixed experiments for which 
fixed apparatus is designated, let the apparatus be 
flexible. By all means encourage students to do out-of- 
the-ordinary things with it. Avoid too specific instruc- 
tions for the attainment of certain desired results. 
Sometimes a suggestion of the possibilities, a reference 
or two, and free access to the laboratory are sufficient to 
encourage a student to his first real experimental 
accomplishment. 

Objectors to more loosely operated student lab- 
oratories point with alarm to the paucity of results 
obtained. This objection in my opinion lies largely in 
our mistaking the shadow for the object. Working with 
the looser method a student will indeed turn in fewer 
neatly written reports, but it seems to me that one good 
experiment, formulated by the student, carried through 
trial and tribulation to a successful completion, and 
adequately recorded, is an accomplishment of greater 
significance than a whole sheaf of neatly bound form 
reports ground out by the routine method. 

Among the first and foremost objectors to the in- 
auguration of such a system are the students them- 
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selves. And this is not in the least surprising. If, after a 
dozen or more years of training in which they have been 
assigned specific tasks to be done by a specific and well- 
outlined method, they are thrust into a laboratory full 
of strange devices and told to get to work, they are at a 
loss to know how to begin. Before the first step can be 
taken, a good bit of labor is necessary on the study of 
devices and their uses. This process of orientation 
can be aided by a few lectures which illustrate the 
possibilities of the apparatus in hand, but more effec- 
tively by sympathetic conferences with a competent 
instructor. 

Such a scheme requires much more thought and 
labor on the part of the already burdened instructors, 
and for this reason meets with considerable opposition. 
Under such a system adequate supervision is impossible 
without considerable intimacy between student and 
instructor. Yet this is highly desirable and is probably 
worth what it costs in time devoted to its cultivation. 

Then there is the problem of the student who refuses 
to apply himself under such a system. Human nature 
being what it is, many of us have to be driven to do our 
best work. For such, the routine method is probably 
necessary and can always be superimposed upon the 
less ordered system of a flexibly operated laboratory. 
Further, I do not feel that teachers should be unduly 
concerned with uninterested students, provided sincere 
effort has been made to arouse their interest. 

A flexible laboratory in which students are allowed 
in a measure to follow their own interests is in eternal 
disorder. This tendency can be alleviated by emphasis 
on neat methods of work, which are usually worth the 
added effort. For the rest we must comfort ourselves 
with the realization that a busy laboratory is a messy 
one — a too neat and orderly one is to be eyed with 
suspicion — and its results rarely appear in the journals. 

A flexible laboratory is in less danger of obsolescence 
than a thoroughly systematized one. Once a laboratory 
is thoroughly organized, there is a tendency to avoid 
those disruptions to the organization brought about by 
changes. And changes in science and engineering come 
so fast these days that obsolescence is upon us almost 
before organization can be perfected. 

The day is past when in any science there were only 
a few fixed principles to be illustrated. The funda- 
mental principles still exist, but their applications have 
become so diverse that to try to illustrate them all or 
any considerable fraction is hopeless in the compass of 
a college course. Likewise, to teach students specific 
operations or processes for which they will have use to 
any considerable extent in later life is equally hopeless. 
All we can strive for at best is to give in addition to a 
book knowledge of fundamental principles some experi- 
ence which leads to intellectual skill, with which comes 
the confidence to attack and carry through the problems 
which will confront every professional engineer. 
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(Continued from page 135) 
grams and transmits them by wire to local stations in 
all parts of the country. Finally, it operates a country- 
to-country and ship-to-shore radio service, maintaining 
privacy by “scrambling” the sounds before trans- 
mission and unscrambling the weird waves that come 
from other lands. 
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ing operations is of extreme importance. The desired 
end is the production at the lowest cost of the chromium 
plated article, so plated that it may be expected to ful- 
fill the requirements for which it is intended. This 
involves the elimination of any factor which may cause 
interruptions in the production schedule, such as any 
choice of material, or avoidable complication of design, 
which will needlessly involve a more complex method of 
plating, or one which requires special handling or me- 
chanical arrangements. If these factors are borne in 
mind, it will be clear that a determination of the adapt- 
ability of chromium plating for any specific purpose is 
one which justifies the most careful investigation. In 
too many instances has chromium failed to demonstrate 
its true value because of the unsatisfactory result of a 
brief test in which proper consideration was not given 
to the method of deposition, to the necessity of applying 
it with full cognizance of the requirements which had to 
be met, and to the proper supervision of the control of 
the plating operation itself. 


NEW LABORATORY 
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prototype of the scientist, profoundly interested in the 
human side of scientific work. 

While it might be a pleasant task to prophesy the 
influence which the George Eastman Laboratories will 
have on the development of the educational problems at 
the Massachusetts Institute of Technology, on the fur- 
ther progress of engineering, or on the growth of culture 
in America, all reviews of this sort properly belong to 
some future day. In the meantime, the research worker 
can have the assurance that every new discovery, how- 
ever small, eventually will find its proper place in the 
broad and mighty stream of science, ever moving for- 
ward and, like a great river, ever purifying itself. 
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acteristics of various bodies when moved through still 
air. The models are carried on a recording carriage 
which travels along a pair of inclined wires in the 
Steam and Hydraulic Laboratory. In the large wind 
tunnel a study is being made of the boundary layer 
structure near the surface of a full scale wing section. 
An investigation of the effect of boundary layer con- 
ditions on heat transfer is being made in a small, high- 
speed wind tunnel. 

The research in structures consists of a comprehen- 
sive program of testing the physical characteristics of 
members made up of thin sheets of metal with various 
forms of stiffeners. 

Several projects are active in the field of engines. 
One of these is a study of the characteristics of pressure 
waves within an engine cylinder during the combustion 
process. Another is coéperation with the Society of 
Automotive Engineers in developing methods of meas- 
uring detonation. A high-speed sleeve valve Diesel 
engine is being used to examine the effect of variations 
in fuel spray characteristics on engine performance, 
and at the same time, the fuel sprays are being photo- 
graphed for record purposes by means of a special high- 
speed motion picture camera. 


ERRATA 


We wish to apologize for the errors which occurred 
in the article, “Earthquakes and the Earth-Structure 
Theory,” by Ernest A. Hodgson, published in the 
November issue. The following additions and cor- 
rections should be supplied: 

Page 109, line 6: “‘seismic rays” to “light rays. 
His knowledge of the latter, in so far as he has as yet 
attained it, is based on data made available to him by 
seismic rays.” 

Page 118: Formulae should read: 

Line 1: 


Line 2: “u”’ to “p. 
Line 28: 


Po en: Lae 2 ea 
N (1+0)(1—2c)p 





2(1+o)p 


Line 49: Vp [Vs= } 3. 


Page 118, column 2, line 18. Omit, “‘The resulting 
P-curve is given in Figure 2. The same lack appears.” 

Page 119, line 24: ““They assumed that V»=7.174 
km./sec., whereas the average value is now known to 
be 5 km./sec. or less. 
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Seeing through steel 


(above) Radiograph of a 
casting, showing defects 
due to blow holes 


(right) Apparatus in posi- 


tion to x-ray through four 
inches of steel in a fo:ging 


Wain Prof. Rontgen announced his discovery of the x-ray, in 1895, he intimated 
that medical science would not be the only beneficiary. Since then, General Electric 
has been a pioneer in the development of the x-ray for industrial as well as medical 
use. @ As.a result, a new science — industrial radiography — enables us to peer at the 
internal structure of almost any material. Radiography reveals most microscopic defects 
in metals — blow holes, shrinks, pinhole porosity, cracks, dross inclusions, etc. —with- 
out destruction of the specimen. Even four inches of steel is no obstacle to the modern 
radiographer. @ ‘Seeing through steel’’ has become a reality with the new and more 
powerful x-ray tubes developed by General Electric. These tubes, using as much as 
400,000 volts, make possible the most powerful x-rays available to industry. Such 
developments are largely the accomplishments of college-trained engineers. They are 
leading the way to even greater progress in the electrical industry and are helping to 


maintain General Electric's leadership in this field. 
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